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Introduction
Conventional clinical parameters alone are inadequate for differentiating indolent and aggressive prostate cancer. Therefore, molecular biomarkers are needed to better define prognosis of prostate cancer patients.
Neuroendocrine markers could be used to detect particularly aggressive variants of prostate cancer.
Typical markers used to identify neuroendocrine differentiation (NED) in tumor tissue are neuron specific enolase (NSE), chromogranin A (CgA) and synaptophysin (Syp). [1] [2] [3] Neuroendocrine differentiation, measured by one or more of those markers, has been associated with disease progression 4 or poor survival in prostate cancer 5 , but up to now its prognostic value has not been clarified because of controversial results 6;7,8 . However, Epstein et al. 9 have recently suggested using neuroendocrine markers to better characterize and classify NED in prostate cancer. They also outlined Ki67 ranges in those tumors, which usually have a high proliferative index. 4, [9] [10] [11] [12] [13] Ki67 is a well-known marker in oncology for defining tumor proliferation. Expression of Ki67 detection by immunohistochemistry 14 is used as a prognostic marker for cell proliferation in many tumors, especially in breast carcinoma 15 and cervical cancer. 16 In prostate cancer it has also been associated with clinical outcome, irrespective of treatment. 4, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] The aims of this study were to 1) investigate the immunohistochemical expression of neuroendocrine and Ki67 markers in primary prostate cancer patients in order to identify tumors characterized by biological aggressiveness and poor prognosis, 2) evaluate neuroendocrine expression with respect to Ki67 staining.
Patients and methods

Patients
Detailed histopathological and clinical data were retrospectively collected for 166 patients, who were diagnosed with primary prostate cancer in a single institution of the North-eastern Italy from January 1992 to December 1994, therefore associated to a long follow-up period. Inclusion criteria for this study were: a) diagnosis of prostate cancer and b) availability of formalin-fixed and paraffin-embedded tissues for immunohistochemical staining and molecular analyses. Only TURP (N = 122, 73.9%) and prostatectomy (N = 43, 26.1%) specimens were used (missing information for one patient). Fine needle biopsies were excluded because of the low amount of tissue. Patients did not receive any treatment before diagnosis. The use of formalin-fixed and paraffin-embedded prostate cancer tissues and their related clinical information were approved by the Ethical Committee of the University of Trieste (Report 23; 5.10.2009 ) before the beginning of the study.
Tissue microarray and immunohistochemical staining
Representative multiple areas of the primary tumours were selected by two pathologists (G.S. and R.B.) for TMA construction. Tissue cores were chosen at the border of the primary tumour. Tissue cylinders of 1.0 mm in diameter were taken from the selected regions of the donor's paraffin block and were placed into a recipient paraffin block using a tissue-arrayer (Galileo TMA CK3500; Integrated Systems Engineering, Milano, Italy), as previously described. 28 Multiple cores were taken for cases as representative of heterogeneous histological areas. Neuroendocrine differentiation (NED) was evaluated using NSE, ChrA, Syp as neuroendocrine markers.
Immunostainings (Figure 1 ). The percentage of the positively stained cells was reported for each specimen. Ki67 expression was dichotomized for assessing its prognostic value using a cut-off of 10%.
7,29
Statistical analysis
The Kaplan-Meier method was used to generate overall survival (OS) curves, which was defined as the time between the date of diagnosis and the date of death or the last follow-up (FU) observation. Patients were censored if they were still alive or they were lost to FU. The log-rank test was used to evaluate differences between groups. Association of OS with each prognostic factor was evaluate in univariate and multivariate analyses by using the Cox proportional hazards model. All variables associated with univariate value of p ≤ 0.05 were included in the multivariate model using a stepwise method. The proportional hazards assumptions were checked before applying the Cox regression model. The goodness of fit was assessed using a likelihood-ratio test. The discrimination ability was quantified by calculating the concordance index that ranges from 0.5 (no discrimination) to 1 (perfect discrimination). Possible correlations of the expression of Ki67 and neuroendocrine markers with the other prognostic variables were assessed by χ2 test or Wilcoxon rank sum. All statistical tests were performed using STATA software (StataCorp. 2011. Stata Statistical Software: Release 12. College Station, TX: StataCorp LP) and p values ≤ 0.05 were considered as statistically significant.
Results
Neuroendocrine marker staining
NSE expression was assessable in 89 prostate cancer cases. Of those, 28 cases (31.5%) were completely negative, whereas 61 (68.5%) revealed a cytoplasmic positivity, referring to diffuse, focal and spotty staining ( Table 1) . Detachment of tissue cores did not allow analyzing NSE in some cases. ChrA was negative in 49 out of 121 cores (40.5%) and it was positive on the cytoplasmic level in 72 cores (59.5%). Positive cases had weakly to highly diffused, or focal or spotty reactivity (Table 1) . Syp was analyzed in 127 cases of which 44 (34.6%) were negative and 83 (65.4%) showed a cytoplasmic positivity, from spotty to focal to diffused (Table 1) . Only diffused expression was considered as posi- 
Ki67 staining
Ki67 staining analysis was measured in 146 out of 166 prostatic cases. The median Ki67 staining score was 5% with an IQR of 9 whereas the mean value was 10.3% with a standard deviation of 14.2% (range of 0 -90%). The percentage of the positively stained cells was recorded for each sample (Table 2 , Figures 2,3) .
Ki67 was scored and stratified into two groups (low ≤ 10%; high > 10%) as already reported. 23, 24 No statistically significant difference was observed for Ki67 staining between TURP and prostatectomy specimens (p = 0.08). Ki67 expression was significantly associated with Gleason score and nuclear grading, but not with age at diagnosis or with neuroendocrine markers (Table 3) .
Univariate analysis
In univariate analysis, diffuse expression of NSE, Ki67 expression > 10%, Gleason score ≥ 7 and nuclear grading ≥ 2 predicted for shorter OS (Table 4) .
Considering neuroendocrine markers, only NSE staining was significantly associated with OS. Patients with diffuse NSE expression had a reduced survival time (median OS 2 years; 95% CI, 2-4) compared to patients with negative expression (median OS 7; 95% CI, 5-10; p = 0.004), showing nearly double-fold increased risk of death (Table 4, Figure 4) . Additionally, NED measured as positive at least at one of the three markers did not result significant.
Kaplan-Meier survival curves showed a significant difference (p < 0.001) between low and high levels of Ki67 staining with median survival time of 6 years (95% CI, 5-9) and 2 years (95% CI, 1-2) for patients with ≤ 10% and > 10% of positive cells, respectively ( Figure 5A ). Moreover, splitting group four categories according to Ki67 staining were obtained: negative, 1-10%, 11-20%, > 20%. Negative patients showed a median overall survival (10 years, 95% CI: 4-9·) which was four years longer than in patients with Ki67 staining of 1-10% (6 years, 95% CI: 5-8; p < 0.001) ( Figure 5B ). An improved discrimination was also reached in the category > 10%. Patients with Ki67 staining > 20% were associated with a 2.5-fold increased risk of death, compared with patients showing Ki67 expression of 10-20% (the overall 2-year survival Age at diagnosis and type of intervention significantly impacted on OS (p < 0.001). Thus, considering the relationship existing with other variables, they were included in multivariate analysis to take into account their possible confounding effect.
Multivariate analysis
Multivariate analysis was done by stratifying according to type of intervention, because of no proportional risks between TURP and prostatectomy groups (Test of proportional-hazards assumption,  2 = 8.86, df = 1, p = 0.003). Ki67 expression, but not NSE, resulted as an independent prognostic factor for OS. In the final multivariable model the risk of death was higher for older patients (p = 0.001) with a nuclear grading of 3 (p = 0.04), a Gleason score ≥ 7 (p < 0.001) and Ki67 expression > 10% (p < 0.001) ( Table 5) . Unfortunately, our dataset did not include information on PSA before surgical intervention for all patients, because they were diagnosed many years ago before the routinely application of PSA screening.
Comparison of the multivariate model incorporating Ki67 expression with a base model including conventional variables only (nuclear grading, Gleason score, age at diagnosis stratified by type of intervention) showed an improved fit which suggested an enhanced prognostic ability over the models containing clinicopathological variables only (χ 2 = 11.33, df = 1, p = 0.0006). These data indicated that in a multivariate analysis Ki67 is a relevant and independent prognostic factor for OS of primary prostate cancer patients undergoing TURP or radical prostatectomy. The concordance index (0.72) revealed a good accuracy of the model in predicting OS.
Discussion
This study shows that Ki67 expression, but not NED, is an independent prognostic factor for OS in primary prostate cancer patients who underwent TURP or prostatectomy. 
A B C D E F
Our data demonstrate that NED, as measured by NSE, CgA and SYP immunohistochemistry, is present at the time of diagnosis in a large proportion of our cohort (over 50%), but without influence on OS. NSE staining seems to influence OS, but it was not confirmed as an independent prognostic factor in the multivariate analysis. These results are consistent with current published literature where strong evidence of NSE as potential prognostic factor is lacking (reviewed in 6, 8 ), especially at early stages. 30 NED in PCa increases with higher histological grades 31 and disease progression, especially in response to androgen deprivation therapy. [32] [33] [34] It seems that androgen deprivation therapy may promote the transformation of prostate adenocarcinoma into a neuroendocrine cancer, defined as t-NEPC (transformed neuroendocrine prostate cancer), as a mechanism of resistance.
35 Ki67 expression has already been proposed as a candidate marker for gastroenteropancreatic 36 and lung neuroendocrine cancers. 37 An increased proliferation using Ki67 expression has been shown in prostate tumors with high NED compared to tumors with low or without NED. 4, 10, 11 In this study we did not find any association between NED and Ki67 expression, although a trend for a positive relationship between NSE staining and Ki67 expression (p = 0.08) has been observed.
Limitations of this study are: small sample size, missing data for neuroendocrine IHC, statistically significant results obtained by using the less specific marker for NED. 9 Another limitation is the analysis based on mixed sample population of prostatectomy and TURP which was partially solved using a stratified Cox model to investigate the risk difference in two groups. Of relevance, our cohort represents a long-term time series which allows investigating OS in cancers with a long life expectancy.
The prognostic significance of concurrent presence of NED features in prostate adenocarcinoma is currently very controversial. 6 Although NED may have an adverse effect on prognosis of newly diagnosed prostate cancer, other mechanisms probably influence the prognosis by favoring the selection of the neuroendocrine pattern transformation under a specific stimulus, such as the pressure by androgen deprivation therapy. 38 The mechanisms that are currently involved are not known.
Interestingly, we found that cell proliferation measured by Ki67 staining scored as a dichotomous variable with a 10% cut-off is an independent prognostic factor for OS in our cohort. Comparing prognostic models with and without Ki67 demonstrated that Ki67 expression could yield additional prognostic information to that provided by conventional clinicopathological parameters improving prognosis of prostate cancer patients. Furthermore, our data show that Ki67 expression correlates with Gleason score and nuclear grading, highlighting its association with prostate cancer aggressiveness, in agreement with others. 4, 23, 25, 39, 40 Several studies have shown that Ki67 is useful to predict prostate cancer prognosis either on TURP 19, 23 or needle biopsy 21, 23, 25, 40 specimens. Furthermore, it has been proposed as a candidate prognostic marker both for overall and specific survival endpoints [17] [18] [19] [20] [21] [22] as well as disease progression. 4, 17, 18, 20, [22] [23] [24] [25] [26] [27] Its prognostic rel- A B evance does not seem to be influenced by therapy, as it has been reported to predict prognosis in patients treated by prostatectomy, alone 4, 24, 25, 27 or with adjuvant therapy 26 , or radiotherapy, alone 17, 22, 23 or with androgen deprivation therapy 17, 18, 20, 22 , or conservatively managed. 19, 21 Consistent with our results, Ki67 emerges as a powerful marker of biological aggressiveness that could provide supplemental prognostic information, concerning the cellular proliferation rate, in addition to that provided by currently used markers, which are related to tumor pattern and extension only. Therefore, Ki67 may improve prediction of prostate cancer outcome based on standard clinical parameters, and may help stratify and select patients for more aggressive treatments. The utility of Ki67 was also demonstrated in selecting candidates with clinically insignificant cancer suitable for active surveillance among patients with PSA < 4 ng/ml at diagnosis. 40 The validity of Ki67 expression as an indicator of prognosis for prostate cancer patients in different treatment cohorts, including both radical 4, 17, 18, 20, [22] [23] [24] [25] [26] [27] and conservative therapies 19, 21 , and in many investigative materials, such as biopsy 21, 23, 25, 40 , TURP 19, 23 or prostatectomy 4,24-27 specimens, further supports its implementation in clinical practice, as recently sustained also in a meta-analysis. 41 However, larger prospective studies are needed to validate its use in routine pathology.
Despite unresolved issues on cut-offs, we suggest the analysis of Ki67 in routine diagnostic practice as an additional factor for improving prognosis and management of prostate cancer patients.
